Introduction
According to the IPCC Fifth Assessment Report (AR5), global temperatures have generally increased and global warming has gained wide consensus. The increase of temperature directly leads to the increase of thermal resources. The Huaihe River Basin (HRB) is one of the most important agricultural production bases in China. The role of thermal resources in the growth and development of crops is unquestionable. Therefore, it is very important to analyze the temporal and spatial patterns of thermal resources in the HRB.
Global climate change directly affects the living environment and social and economic development of human beings, especially in the natural regional division and agricultural production. Many scholars have studied the trends and laws of accumulated temperature changes in some regions of China [1] [2] [3] . However, the comprehensive and systematic study on the status quo of thermal resources in the HRB has not been seen. How does the state of thermal resources change in the context of climate warming? This is exactly what this paper is trying to answer. It is the great significance for the study of natural regional division and agricultural production.
Therefore, this paper will analyze the temporal variation and spatial distribution of thermal resources based on the daily average temperature data of the HRB from 1961 to 2013. It will comprehensively systematically reveal the temporal and spatial pattern of thermal resources in the HRB.
Data and Methods
Study area. In this paper, the study area is that the HRB is located in the eastern China (30°55′-36°36′N, 111°55′-121°25′E) (Fig.1) . The study covered an area of approximately 27×104 km2. The Huaihe River originates from the Tongbo Mountain of Henan province and flows through four provinces (Henan, Hubei, Anhui, and Jiangsu province).There are a total of 181 counties and the population is nearly 165 million (approx.). The HRB rises of the Tongbo and Funiu Mountains in west, and faces to the Yellow Sea in east. Indicators of thermal resources. Thermal resources are the important basis for the division of natural areas and natural belts, and are important natural resources for agricultural production. The main indicator for measuring the thermal resources in a certain area is the accumulated temperature of a certain limit temperature and its lasting days. It is well known that 10°C is the starting temperature for the suitable growth temperature of thermophilic plants. 0°C is the starting temperature of all higher biology activities. So this paper uses four thermal resource indicators (≥10 °C Accumulated Temperature (AT10), ≥0 °C Accumulated Temperature (AT0), ≥10 °C Lasting Days (LD10), and ≥0 °C Lasting Days (LD0)) to indicate the state of thermal resources in the HRB. Methodology. Trend analysis methods used linear regression. The linear regression attempted to explore the trend of thermal resources series. Linear trend analysis indicated the tendency rate (slope) using least squares. Linear trend analysis was used to quantify the change magnitude of all indicators. The slope of the regressive line reflected the trend direction. Positive slope meant increasing trend and vice versa. The absolute value of slope presents the variation rate. Statistical significance of the trend is determined by its t-statistic.
Sequential Mann-Kendall (SQMK) change point analysis was used to analyze abrupt change. Mann (1945) proposed the nonparametric Mann-Kendall test method [4] , which was re-described by Kendall (1948) [5] . In a long-term trend analysis, beginning of trend year, trend changes over time, and abrupt trend detection analysis are very important. For this purposes, SQMK test are widely used by researchers [6, 7] , and SQMK is a sequential progressive U(t) and backward U'(t) analyses of the MK test. If the two series are crossing each other, the year of crossing indicate the year of trend change. If the two series crosses and diverge to each other for a longer period of time, beginning diverge year indicate the abrupt trend change. Figure 2 showed the trend in changes and the temporal evolution for thermal resource indicators on the HRB from 1961 to 2013. Linear trend analysis detected increasing trends in all thermal resource indicators, which were 5.9495°C d/a, 7.1958 °C d/a, 0.1921d/a, and 0.3298d/a, respectively. The AT10, AT0, LD10, and LD0 were all significant. Based on the SQMK test, the graphical analysis of the UF and UB curves of thermal resources in the HRB were analyzed to identify the beginning year of change. SQMK test results were shown graphically in Figure 3 . Change points of AT10, AT0, LD10, and LD0 were 1996, 1996, 1996, and 1989, respectively. The curve UF and UB had an intersection, and the UF value of the intersection was negative. It indicated the decline of AT0 after 1989 and LD0 after 1996. However, their UF still moved in the positive direction, indicated that the overall trend of AT0 and LD0 were still rising.
Results

Temporal variations of thermal resources.
Spatial variations of thermal resources. From the spatial trends of thermal resource indicators, thermal resource indicators have different change situations in various regions. Thermal resources showed the increasing trend, and the growth rates of AT0 and LD0 were greater than that of AT10 and LD10, respectively (Fig.4) . From the distribution, except for the individual stations in the inland, the accumulated temperature of most meteorological stations had the significant growth trend. Meteorological stations with significant growth in lasting days are mainly distributed in the coastal and the southern part of HRB. The number of meteorological stations with significant growth in lasting days is less than the number of meteorological stations with significant growth in accumulated temperature. A future study, which will address the projection of thermal resource indicators in the HRB, based on climatic models, is also planned.
